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Abstract 
Salts of a-sulfo tallow and coconut esters were 

subjected to r iver die-away, activated sludge and 
Warburg  tests, and results show these deriva- 
tives to be biologically soft detergents with dis- 
appearance curves approximating those of the 
fa t ty  alcohol sulfates. 

Selection of the proper  fa t ty  acid start ing 
material, alcohol of esterification, and alkali for  
neutralization provides for  a high degree of flex- 
ibility in tailor-making biologically soft surface 
active agents for  a wide range of applications. 
Selected compounds have been found which ex- 
hibit remarkable foaming, lime soap dispersing, 
fabric and hard  surface detergency, wetting and 
related surface-active properties. These proper- 
ties allow the formulat ion of a var ie ty  of syn- 
thetic and soap-synthetic combinations. 

P r imary  emphasis is given to the presentation 
of data on surfactant  formulat ion application 
studies. Salts of short chain alkyl esters of a- 
sulfo tallow acid are ideally suited for  " c o m b o "  
soap bar and built heavy-duty detergent appli- 
cations. Salts of short chain alkyl esters of se- 
lected coconut f a t ty  acids are uniquely suitable 
for  light du ty  liquids, cosmetic and related sur- 
factant  applications. 

An improved process for  the manufacture  of 
these sulfo esters has been developed which pro- 
duees high yield, high pur i ty  and light colored 
products, and which should provide for  their  
acceptance on a large scale in the detergent field. 

Introduction 

T HE SULFONATION and sulfation of crude oils and 
fats represents one of the first types of " syn-  

the t i c "  surface-active agents ever developed. This 
ar t  was practiced as far  back as the late 19th cen- 
tury,  and the gradual evolution of this sulfonation 
technology for fats, oils and fa t ty  acids makes it 
difficult to establish the t rue originator of long-chain 
a-sulfo fa t ty  acid derivatives. They appear  to have 
originated in Europe many years ago [England (1) 
and Germany (2,3)].  Reviews of references to f a t ty  
acid sulfonation as well as to processes for  their  
manufacture  have been made by Gilbert (4), and 
St ir ton (5). 

Ault, Stirton, Well and Bistline of the Eastern  
Utilization Research and Development Division of 
the Depar tment  of Agricul ture  have conducted and 
published results of extensive studies on the prep- 
aration and the surface active and physical prop- 
erties of pure sulfo acid derivatives based on tallow 
(5), including the pure  sulfo tallow acids (5-12),  
salts of a-sulfo tallow acids (5,7,12), esters of a-sulfo 
tallow and pelargonic acids (5,6,13-19), and amides 
of a-sulfo tallow acids (5,20). 

A large number of process patents have appeared 
in the international  patent  l i terature over the: last 
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several decades (1,21-40), relat ing to the sulfonation 
of oils, f a t ty  acids and the like, but  most of the 
disclosed processes leave much to be desired because 
of the process complexities, poor yields, high process 
costs and questionable product  quali ty and puri ty.  

a-Sulfo f a t ty  acid derivatives have not found wide 
commercial acceptance in the past becaase of the 
failure to overcome the afore-cited technological prob- 
lems of processing, and because of the lack of knowl- 
edge c o n c e r n i n g  the i r  u s e f u l n e s s  in d e t e r g e n t  
formulations. 

a-Sulfo palmitic and stearie acids have been pro- 
nloted as surfactant  intermediate raw materials for  
a number  of years (41), but  it  has only been re- 
cently that  high quali ty a-sulfo fa t ty  esters have 
become commercially available (42-44), due to the 
development of an improved manufactur ing  process 
and extensive application studies by the present 
authors. 

A previous publication by Nussbaum and Knaggs 
(45) reviewed indust ry  and our conlpany's sulfona- 
tion developments, par t icular ly  with reference to the 
development of a continuous S03 sulfonation process. 
This S03 sulfonation technology has been success- 
fu l ly  applied to the preparat ion of a-sulfo fa t ty  acid 
derivatives, with par t icular  emphasis on sulfo-ester 
derivatives. 

Various sulfo fa t ty  acid derivatives have been in- 
vestigated including sulfo acid salts, esters and 
amides, but the salts of the short chain alkyl esters 
of long chain sulfo fa t ty  acids appear  to have the 
greatest overall interest in the surfactant  field be- 
cause: (a) they are more water  soluble than most of 
the sulfo acid salts (with the possible exception of 
certain alkanol-amine sal ts) ;  (b) they can be pro- 
duced economically; and (c) they are excellent de- 
tergents and many species are lime soap dispersants 
allowing their  use in a var ie ty  of synthetic and soap- 
synthetic detergent  combinations. 

While soap was employed almost universally as 
the major  detergent  in most cleaning formulations 
some 20 years ago, its deficiency in hard water with 
its resultant  " ta t t le- ta le  g r e y "  deposition problems 
resulted in the gradual  displacement of soap by pe- 
troleum-based species, mainly ABS. During the past 
few years, par t icular ly  in Europe,  and more recently 
here in this country,  at tention has been focused on 
the contribution of synthetic detergents to water  pol- 
lution problems, and par t icular ly  to the resistance 
of te t rapropylene derived ABS to biological degra- 
dation (44,46,47). The sulfo f a t ty  esters overcome 
the hard  water  deficiencies and deposition properties 
of soaps, are excellent detergents in soft and hard 
water, and fur thermore  are readily biodegradable. 

It is the purpose of this paper  to summarize data 
we have developed on the biodegradabili ty of a-sulfo 
fa t ty  ester salts of tallow and coconut f a t ty  acids, 
and to show how these derivatives can be effectively 
and economically utilized in the formulat ion of a 
wide range of solid and liquid heavy-duty and light- 
du ty  biologically soft detergent formulations. Sham- 
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T A B L E  I 

Typica l  Composi t ion  

Solids, % ........................................... 
Sulfo  a t t i r e s ,  % ................................ 
Alcohol insolubles,  % ..................... 
Unsulfonated matter, % ................... 
Actives/solids ra t io ,  % .................... 
Alcohol ............................................. 
Color, % trans. 420 MU B e c k m a n  

spec t ropho tomete r  10 m m  cell ..... 

T M S  p r o d u c t  

P a s t e  Solid 
f o r m  f o r m  

51.4 99.5  
45.0  87,5 

4.9 9,5 
1.5 3.0 

87.5 87.5 

VOL. 42 

9 0  a 9 0  a 

]~MS product 

Clear 
liquid Paste 
f o r m  f o r m  

34.0  68.0  
30.0 60.0  

3.1 6,2 
0.9 1.8 

88.4 88.4 
0.0 5.0 

9 0  b 90 1~ 

= 5 %  active solution. 
b 3 0 %  ac t ive  solution.  

poos and other specialty formulation studies are also 
reviewed. 

Before proceeding to the formulation and perfor- 
mance studies, it appears desirable to first: (a) re- 
view and characterize the sulfo esters investigated; 
(b) summarize biodegradability studies; and (c) re- 
view most significant properties of the sulfo esters 
including toxicological and irritancy tests. 

Experimental Procedures and Data 
Sulfo Esters Investigated 

The afore-cited new process developed by our re- 
search group has been utilized to produce a wide 
range of sulfo ester salts. The selection of fat ty 
acid sulfonation feed stock, alcohol of esterification 
and alkali of neutralization provides extreme flex- 
ibility in the design of surfactant molecules for spe- 
cific applications. 

For  the purposes of brevity in the ensuing presen- 
tation and tables the specific a-sulfo ester salt will 
be frequently referred to by the combination of letter 
abbreviations for the fat ty radical, ester group, and 
salts in that order. Thus, a-sulfo hydrogenated tal- 
low methyl ester, sodium salt will be referred to as 
TMS, and so forth. 

Greatest emphasis is placed on the methyl ester 
of a-fatty acids in preference to other alkyl esters 
because they are most economical and easiest to man- 
ufacture, and for most applications they exhibit su- 
perior functionality. 

Table I presents typical composition and available 
physical forms of a-sulfo tallow methyl ester sodium 
salt (TMS) and ~-sulfo myristic methyl ester sodium 
salt (MMS) capable of being produced by this 
process. 

The properties and formulations of the other sulfo 
esters used in this study were of the composition 
equivalent to those shown in Table II. 

Biodegradability Studies 
The results of some typical river die-away tests 

are assembled in Figure 1 for a number of surfac- 
tant species. These tests were run simultaneously 
from the same river sampling (Des Plaines River, 
north of Chicago, 5,000 plate count), seeding with 
20 ppm surfactant and aging at 25C aerobically in 

T A B L E  II 
Saponification of Esters at 1 O 0 C ~ I  H o u r  

i % breakdown 

pH 
9.7 11.0 

Ester 

Methyl  p a l m i t a t e  .......................................................... I 100.0 100.0 
Na-2 sulfo ethyl e leate  ................................................. I 62.3 89.7 
TI~S ............................................... : .......................... I 0.2 2.1 
Di*sodium 2-sulfo ethyl a-sulfo pa lm] ra t e  .................... ] 8.3 41.2 
N a  Monoglycery l  ester a-sulfo palmitate ..................... 8.8 44 .4  
Na  Monoethylene  glycol es te r  a-sulfo p a l m i t a t e  .......... 4 .6  43.9  

ZO 

18 

u~ 
_> 

lO 

I 
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Fro. 1. River die-away test for detergent biodegradability. 

the absence of direct sunlight and using the meth- 
ylene blue test (48). I t  will be readily observed that 
the a-sulfo tallow methyl ester salt exhibits a more 
rapid disappearance curve than both branched and 
straight chain ABS. 

Since the a-sulfo fa t ty  esters are devoid of any 
aromatic nucleus, they exhibit biodegradability char: 
acteristics approximating those for straight chain 
alkyl sulfates of corresponding molecular weight. 

Biological softness of these sulfo esters was fur- 
ther demonstrated by Warburg and activated sludge 
tests. In the latter study, a laboratory scale activated 
sludge sewage treatment unit was employed, seeding 
the unit with activated sludge from a municipal 
treatment plant. 

The detergent and nutrient broth were fed into 
the unit, and the mixture continuously aerated. Us- 
ing a 25 ppm anionic feed stock, the a-sulfo tallow 
methyl ester (TMS) was found to have disappeared 
completely based on  the methylene blue test. 

More extensive studies on the biodegradability of 
sulfo esters has been assembled and reported previ- 
ously by our research group (42,43). 

The foregoing results established the ~-sutfo fat ty  
esters as relatively " s o f t "  detergents. Stirton's group 
(Department of Agriculture) (49), Wayman's group 
(Department of Interior) (50), and others have con- 
firmed these results. 

In passing, it is of more than considerable inter- 
est that recent preliminary studies which we have 
conducted on river die-away type tests using a con- 
tinuous oxygen free nitrogen purge on the river wa- 
ter has indicated that these same a-sulfo esters ex- 
hibit anerobic disappearance curves approximating 
those of aerobic media. Further  studies arc under- 
way and are required before final conclusions can 
be drawn. 

80 

20 

I ~ I ~ I I I I I I I I t 
(A) I HOUR 50 ° C, 

(B) 5 HOURS 50 ° c. 
(c)  I HOUR IO0 ° C. REFLUX 

(D) (D) $ HOURS ]00 ° C. REFLUX (D) 

( c ) ~  (c)  

l t, I I (~1 
I 2 3 ~ 5 6 7 8 9 I0 II IZ If ~ 

FIG. 2. Hydrolytic stability curves for 1% solutions o f  bio- 
terge MMS. 
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I l TABLE llI 

Ross ~1iles ~oam tteighCs 
METHYL- 0.1~o Active---25 (] 

C O~!,ytO~S: O,; R AQUEOUS ROH, pH 12.~, IO0~¢, 

1,0% ACTIVE CONCENTRATION. 

2. 

T iME  I N  HOURS 

I S O - P R O P Y L -  

SEC-BUTYL- 

3 

FIG. 3. S a p o n i f i c a t i o n  c u r v e s  f o r  N a  sa l t s  o f  v a r i o u s  a Ik y l  
e s t e r s  o f  a - su l fo  ¢a l lowa te ,  

Ester Stability 
Esters of a-sulfo fat ty acids are significantly more 

stable than simple esters due to the remarkable sta- 
bilizing action of the adjacent sulfo groups, probably 
reflecting steric hindrance. Stirton and co-workers 
have reported hydrolysis rate constants on a num- 
ber of pure esters (5,6,12,14,15). 

Figure 3 is a plot of the data on a highly purified 
sodium a-sulfo tallow methyl ester which was sub- 
jected to various alkaline and acidic hydrolysis con- 
ditions for 1% active solutimls. Sulfuric acid or 
NaOH were used and appropriately buffered to sta- 
bilize pH during these tests. These and comparative 
data on other esters are illustrated in Figures 3 and 4. 

I t  will be observed that the sulfo tallow methyl 
ester is quite stable in the pH range of 5 to 10 even 
under vigorous boiling conditions. On the other hand 
it is observed that the isopropyl and secondary butyl 
esters are even raore stable and are recommended 
for applications involving extreme pH conditions. 

Table I I  assembles ~urther comparative saponifica- 
tion data for a number of other esters and sulfo esters. 

Table I I  clearly confirms the stabilizing influence 
of the sulfo group adjacent to the ester linkage. 

Foaming Properties 
Table I I I  assembles comparative Ross Miles Foam 

heights for 0.1% active surfaetant concentration in 
waters ranging from 0 to 1000 ppm hardness. 

Inspection of the data reveals that the TMS and 
TMT species are moderate foamers, whereas the MMS, 

J l [ 
CONDITION._.~S~ 0.1 N H2S0 ~, pH 1. b,, I00 ° C. 

1,O% ACTTVE CONCENTRATION, 

tO0 

J 

=~ 4o 

m 

oL 
ISO-PROPYL - 

1 t 
I 2 3 

T IME IN  HOURS 

1 _ _ J  

FIO. 4. A c i d - h y d r o l y t l c  s t a b i l i t y  c u r v e s  f o r  v a r i o u s  a l k y l  
e s t e r s  o f  N a  a - su l fo  t a l l o w a t e .  
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ASS (Na) B O. a ................................ 172 185 170 175 123 
ASS (Na)  S.C. b ................................ 179 179 178 144 112 
SLS (N~ lauryl sulfate)..,{ ................ ~ 186 76 81 74 30 
SLES (Na lauryl ether su.fate) ........ 183 180 175 175 154 
CES (Na coconut ether sulfate) ........ 150 149 148 145 14B 
NINIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  159 175 180 175 159 
ttWC-MN ............................................ / 147 150 148 150 131 
TM:S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  137 135 80 48 30 
T ~ T  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  135 123 90 62 26 
~IMT .................................................. 150 172 171 155 152 
L ~ S  .................................................. 150 172 171 155 152 
SLS-M~S ¢ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  166 165 173 I70  1~1 
~ g L S  ( ~ g  lauryl sulfate) ~MMS %...I 168 167 172 175 170 
MM~ ................................................. / 17~- 138 159 172 168 
M)~A ................................................. | 170 180 175 180 170 
]~FMD ............................................... i 160 163 171 172 165 

a Branch chain (B.C.) .  
b Straight chain (S,C.).  

50:50 blends. 

MMA, MMM, MMT and MMD species are high foam- 
ers. I t  is of special interest to note that foam heights 
of the sulfo myristate species are quite high over 
the entire 0 to 1000 ppm range of water hardness. 

Synergistic foaming properties are exhibited be- 
tween blends of sodium lauryl sulfate (SLS), the 
TEA and magnesium salts, and the sulfo myristic 
methyl esters (MMS, MMT, etc.). 

Ross Miles Foam data at 0.05% and 0.01% actives 
concentration also shows the sulfo myristic esters 
to be much more effective than most conventional 
surfactants. 

Some comparative Ro~s Miles Foam results at 
0.01% actives concentration are shown graphically 
in Figure 5. 

Wetting Properties 
Comparative Braves *Wetting Test resu/ts are 

plotted in Figure 6, where it will be observed that 
MMS is an outstanding wetting agent particularly 
at low concentrations. In tap water MMS exhibits 
a Draves Wetting time of 5.5 seconds at 0.1% active 
concentration. 

Table IV assembles further Braves Wetting results 
which demonstrate synergistic wetting action of the 
snlfo ester (MMS) in combination with soap or lauryl 
sulfate (SLS). 

Lime Soap Dispersing Properties 
Table V assembles comparative lime soap disper- 

sant properties of sodium N-menthyl N-tallow acid 
taurate and a series of tallow and coconut sulfo esters 
using a Modified Borghetty Method (42). 

I t  is of interest to note that salts of a-Sulfo methyl 
pMmitate exhibits optimum lime soap dispersant 
properties of tlle sulfo esters studied. 

180 

IbO 

140 - -  

~ 20 

~6o "--" 
o .40 I' 

o ,oo ~oo ~oo ,,oo ~oo ~oo ~oo ~oo ~oo ,ooo 
WATER HARDNESS PPM 

FIG. 5, Ross  Mil les  f o a m  h e i g h t s  ( i n i t i a l )  a t  2 5 0  w i t h  v a r y -  
ing water hardness 0.01% active concentration. 

: Init ial  Foam, M]~ 

Product 0 35 140 350 1000 
ppm ppm ppm ppm ppm 
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T A B L E  I V  

Syne rg i s t i c  W e t t i n g  of )/[MS in  D r a v e s  W e t t i n g  T e s t  
C o n e e n t r a t i o n ~ O . l %  Act ive  

Both the palmitic and myrist ie  homologues show 
quite favorable LSD performance  propert ies  com- 
pared  to the tallow taura te  species. 

Somewhat surprisingly,  the calcium and magnesium 
salts as well as the sodium and potassium sulfo tal- 
low and myrist ie  methyl  esters exhibit excellent LSD 
properties.  

The excellent LSD propert ies  of some of these sulfo 
esters suggests their  use for  a wide number  of soap- 
synthetic detergent  formulations,  including " c o m b o "  
bar  soaps, heavy du ty  formulations,  shampoos, etc. 

T o x i c o l o g i c a l  a n d  I r r i t a n c y  P r o p e r t i e s  

Pre l iminary  work conducted at  the Depar tment  of 
Agricul ture  and repor ted by Weil (49) indicates tha t  
pure  a-sulfo f a t ty  esters including those types under  
present  discussion exhibit lower acute oral toxici ty 
than  ABS based on ra t  feeding experiments.  LDso 
values in excess of 3.0 g / k g  were repor ted for  the 
pure  sulfo esters of short  chain alcohols based on 
tallow and coconut. A t  the 3.0 g / k g  feeding level 
no animals had died, and this level was the max imum 
tested due to repor ted limitations in introducing the 
sulfo ester into the animals '  stomachs. 

P r i m a r y  skin i r r i ta t ion propert ies  have been pre- 
l iminar i ly  evaluated (5].) app ly ing  some of the sulfo 
esters derived f rom our process to rabbi t  skin. The 
results indicate they are milder  than  most cosmetic 
and detergent  species. 

A number  of salts of a-sulfo methyl  myr is ta te  have 
been evaluated for eye i r r i ta t ion propert ies  accord- 
ing to the Draize Method (52). 

P re l iminary  screening tests run  on the sodium and 
alkanolamine salts all fell within the nonir r i ta t ing 
to mildly irri tating'  classification following the tech- 
nique and scoring recommended by Draize (52). 

The D E A  salt (MMD) was more extensively eval- 
uated at  12% active concentration, and was classified 

D e t e r g e n t  

W a t e r :  t a p  ( 1 4 0  p p m )  

T e m p e r a t u r e  : 25C~ 

W e t t i n g  t ime  in  seconds  

A. M M S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 .5  
B.  Sod ium l a u r y l  su l f a t e  . . . . . . . . . . . . . . . . . . . .  17 .0  
C. P o t a s s i u m  cocoate  . . . . . . . . . . . . . . . . . . . . . . . . .  35 .5  
D. 6 0 %  M M S - - 4 0 %  coco soap ........ 7 .4  
E .  6 5 %  MMS-- - -45% S L S  . . . . . . . . . . . . . .  6 .6  

T A B L E  V 

Compar i son  of L i m e  Soap D i s p e r s a n t  P r o p e r t i e s  
Modif ied B o r g h e t t y  Method a 

( 8 0 %  T a l l o w - - 2 0 %  Coconut  Soap)  

Specie % L . S . D .  

Na  N-methyl  N- ta l low ac id  t a u r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t t W C - M S  (a-sulfo  h y d r o g e n a t e d  whole coconut - - -  

methyl  ester ,  N a )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L M S  (a-sulfo  methyl  l a u r a t e ,  N a )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M M 8  (a-sul fo  methyl  myr i s t a t e ,  N a )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M M K  (a-sulfo  methyl  myr i s t a t e ,  K )  ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P M S  (a-sulfo  methyl  pa lmi ta te ,  N a )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P P S  (a-sulfo  iso-propyl  pa lmi t a t e ,  N a )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SMS (a-sulfo  methyl  s t ea ra te .  N a )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S M K  (a-sulfo  methyl  s toara te ,  K )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ta l low MS (a-sul fo  methyl  ta l lowate ,  N a )  . . . . . . . . . . . . . . . . . . . . . . . . .  
Ta l low M K  (a-sulfo  methy l  t a l l o w a t e ,  K )  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ta l low MC (a-sul fo  methyl  ta l lowate ,  Ca)  . . . . . . . . . . . . . . . . . . . . . . . .  
Ta l low MM (a-su l fo  methyl  t a l lowate ,  M g )  . . . . . . . . . . . . . . . . .  

3O 

~ 5 0  
~ 5 0  

30 
30 

2 5 - 3 0  
2 5 - 3 0  

40  
40 
30 
30 
30 
30 

a Refe rence  42 descr ibes  method.  

as nonir r i ta t ing  at  a p H  range of 6 to 7. In  these 
tests no irideal or corneal i r r i ta t ion or damage  was 
observable a f t e r  one hour  of application. Moderate 
initial conjunctivities cleared up completely within 
the 7-day observation period, and in most instances 
much sooner. 

H e a v y - D u t y  D e t e r g e n t  S t u d i e s  

The l i tera ture  contains reference to some labora- 
tory results for  a number  of " u n b u i l t "  sulfo esters 
(17), but none for  " b u i l t "  systems. 

Table V I  presents laboratory  Terg-o-tometer deter- 
gency and redeposition results for  a number  of 
" b u i l t "  heavy du ty  formulat ions containing various 
sulfo ester salts as the main organic detergent.  Also 
included are 50:50 blends of sulfo ester and 80:20 
tallow-coco soap. 

I t  will be observed that  the sodium, calcium, mag- 
nesium salts of a-sulfo tallow methyl,  isopropyl and 
sec-butyl esters all show good detergency and anti-  
redeposition properties.  

Of even greater  significance f rom an economic 
point of view, is the observation tha t  50:50 blends 
of  these sulfo esters and soap also exhibit good de- 
tergency and antiredeposit ion properties.  

To determine whether  appreciable lime soap curd 
might  be deposited on cotton dur ing  the wash cycle, 

T A B L E  V I  

Terg-o- tometer  Cotton D e t e r g e n c y  Tes t s  a 

D e t e r g e n t  

1. T M S  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2. M M S  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3. T M C  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4. T M M  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5. T B S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6. T P S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7. A B S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8. T M S / s o a p  b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

109~ M M S / s ° a p  b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T M C / s o a p  b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

11.  T M M / s o a p b  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12. T B K / s o a p  b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
13.  T P K / s o a p  b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

% C o n c .  

0 .1  
0 .1  
0 .1  
0.1 
0.1 
0.1 
0.1 
0 .1  
0.1 
0.1 
0.1 
0.1 
0.1 

% Soil  r e m o v a l  

p p m  

35 1 4 0  350  

31 .6  2 7 . 4  27 .9  
2 4 . 7  2 4 . 4  17 .6  
32 .6  ...... 26 ,3  
31 .2  . . . . .  21 .3  
27 .5  ...... 22 .8  
2 9 . 0  23 .4  
28.7 ~ i  21 
36 .0  25 .4  19,2  
35 .1  25 .3  13 .7  
33 .6  ...... 17 .2  
34.3  ...... 17,1 
36.1  21 .9  
36 .6  2 1 , 4  

Redepos i t i on  

ppm 

35 1 4 0  3 5 0  

+ 0 . 5  - - 0 . 8  - - 1 . 3  
- - 0 . 1  - - 1 . 7  - - 2 . 0  

0 .0  .... - - 1 . 0  
+ 0 , 9  . . . . .  1 .8  
+o.6 .... --0.2 
+0.7 o.o 
+0.2 - i :~  -0.6 
- - 0 , 5  - - 1 . 3  
- - 1 . 8  - - 0 . 9  - - 3 . 5  
+o.1 --0.5 
- - 0 , 2  - - 1 . 4  
+o,4 +o.4 
+ o . 8  o.o 

F o r m t t l a :  2 0 %  o rgan i c  de t e rgen t  ( i n c l u d i n g  1 . 5 %  L I P A ) ,  4 5 %  S T P P ,  4 . 5 %  si l icate ,  0 . 8 %  CMC, 1 9 . 7 %  Na2S0~, 1 0 %  H20 ,  0 . 0 5 %  b r i g h t e n e r .  
a 30  i i i in  a t  1 2 0 F ,  100  r p m  tes t  f ab r i c  soiled swatch .  
b 5 0 : 5 0  blend.  
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T A B L E  V I I  T A B L E  I X  

Soap Curd  Deposi t  on Cloth D u r i n g  Washing" W a s h i n g  Machine  Detergency Tests 

1. Soap ( 8 0 %  tallow, 2 0 %  coco) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1845 Soil  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .025% B a n d y  black clay 

2. TMS .................................................................................. 30 W a t e r  ...................... Lake  I*Iichigan t ap  (140 p p m )  130]~ ~ 
3. Fo rmu la  S P  I I  (1 :1  ra t io  s e a p ~ T M S )  . . . . . . . . . . . . . . . . . . . . . . . . .  95 
4. 2 S o a p : l  TMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  105 

eotton swatches were washed in the Terg-o-tometer 
using the laboratory procedure of Knowles (53) in- 
volving the use of 0.5% detergent in 360 ppm wash 
water and subsequent wash rinses. 

These results are assembled in Table VII ,  where 
it will be observed that  1:1 and 2:1 ratios of soap: 
TMS in built  systems do not show high deposition 
values. 

To provide substantiation to our laboratory deter- 
gency studies, washing machine tests were conducted 
in our laboratory as well as machine tests in a home 
panel s tudy and at a laundromat.  

Two heavy-duty formulations Were spray  dried for  
use in this study, and their  general  compositions are 
shown in Table V I I I  and designated SP I and SP II. 
The mQor  organic sur fac tant  in SP I was TMS, 
whereas in SP I I  it was a 50:50 blend of TMS and 
soap. 

Results of comparative machine tests run  in our  
laboratory are shown in Table IX,  where SP I and 
SP I I  exhibited detergency results quite comparable 
to a leading commercial detergent.  

In a home panel test involving 33 families em- 
ploying and comparing SP I I  and their regular  de- 
tergent, the results again show formula SP I I  to be 
comparable to present day commercial products. The 
composite score for  the average reflectance increase 
using the commercial l aundry  detergent  was 14.90% 
whereas SP I I  had a 14.93% average increase. 

The same pane] also ran  a clean white cloth through 
five washday cycles comparing SP I I  and their  reg- 
ular  product. These results show SP I I  to have a 
significant edge on antiredeposition. SP I I  had only 
an 0.5% loss in reflectance compared to the commer- 
cial detergent with a 2.5% decrease. 

Extensive laundromat studies also add confirma- 
tion to the laboratory and machine panel studies a]- 
ready reported. The general consensus on reviewing 
questionaires from this s tudy was that  SP I I  was 
at least equal to their regular  product,  and many 
commented that  their clothes felt  softer. Formula  
SP I I  was rated as a moderate foamer. 

Fu r the r  machine testing was conducted on washing 
and drying a series of wash cloths, carbon swatches 
and white-unsoiled cotton along with a load of soiled 
bath towels. 

This s tudy was devised to determine detergency, 
lime soap deposition and yellowness build-up and in- 
eluded 10 wash and d ry  cycles. 

These results are assembled in Table X. I t  will 
be observed that  SP I I  again exhibited good deter- 
geney, low "ye] lowness"  build-up, and did not show 
significant lime soap curd deposits. 

T A B L E  V I I I  

Spray  Dr ied  L a u n d r y  Detergents  

Formulation SP 1 sP II 
1. Sod ium tr ipolyphosphate ,  ANH. ,  % ................. 

. Sodium sulfate,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3. Si l icate  (1 NaeO:2.4  Si0u) ,  % .......................... 
4. CMC, % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5. OpticM br ightener ,  % ...................................... 
6. TMS (ac t ives) ,  % ............................................. 
7. Soap ( ta l low),  % .............................................. 
8. L a u r i c  isopropanolamide,  % .............................. 
9. Moisture (retained),  % .................................... 

Total organics,  % .................................. 

45.0 45.0 
16.4 16.4 

4.5 4.5 
0.8 0.8 
0.05 0.05 

17.7 8.85 
0.0 8.85 
1.5 1.5 

10.0 10.0 
20.0 20.0 

809 

Test  cloths . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Test  fabr ic  carbon soil  

Load  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 Clean ba th  towels 

Detergent % Cone. % Detergency 
(Sol ids)  (3 R u n  average)  

(~ommercial P roduc t  A ............... 0.15 19.1 
Fo rmu la t i on  SP  I ...................... 0.15 18.2 
F o r m u l a t i o n  SP  I [  ..................... 0.55 19.8 
Commercial  P r o d u c t  A .............. 0.10 15.8 
Fo rmu la t i on  SP  I ..................... 0.10 16.0 
Fo rmu la t i on  SP  I I  ................ 0.10 15.6 

Thus laboratory, machine tests, home panel and 
laundromat  studies all show formulat ion SP I I  (sulfo 
ester and soap blend) to be an excellent laundry  
product.  

L i g h t  D u t y  D e t e r g e n t  F o r m u l a t i o n s  

The outstanding detergent,  wetting and foaming 
properties over a wide range of water hardness, makes 
the sulfo ester salts based on myristic and coconut 
f a t t y  acids ideally suited for  use in a var ie ty  of 
light du ty  biodegradable detergent  formulations. 

These sulfo esters also contribute synergistic wet- 
ting foaming, grease removal and emulsification prop- 
erties when proper ly  blended with other surfactants.  

In light du ty  liquid detergent systems the sodium, 
magnesium and ammonium salts of ~-sulfo methyl  
myristate and cocoate appear  to be of greatest in- 
terest, although some of the alkanolamine salts being 
more soluble may find special application even though 
somewhat more expensive. 

The sulfo methyl  coconut salts in many aspects 
are sinlilar to the coconut alcohol sulfates, particu- 
lar ly with regard to solubility, fine creamy-like stable 
bubble quality, and general response to foam boosters 
and stabilizers. 

Extensive formulat ion and application studies have 
been conducted on a number of l ight-duty formula- 
tions. Unfor tunate ly  time permits only a brief  
summary. 

Dishwashing tests were conducted using the clas- 
sical manual  laboratory dishwashing test of Mayhew 
(55), recording the number of soiled dishes to break 
the foam layer initially generated. 

Performance results of a number of the more out- 
standing formulations are assembled in Table XI,  

T A B L E  X 

Washing Machine Tests a 
0 .15% B u i l t  Detergent ,  140F  Water 

(Sears  L a d y  Kenmore Automatic-Model 8 0 0 )  
1 -10  Wash and Dry  Cycles 

Built Formulation S P  I I  B u i l t  A B S  A B S / T A S  

Tota l  o rganic  content  .......... 
Cotton detergency b 

1-cycte 140 ppm 
350 ppm 

Cotton yel lowing ¢ 
10-cycles 140 ppm 
( N B S  u n i t s )  350 p p m  

Lime  soap deposi t  a 
10-cycles 140 ppm 

350 ppm 
Foaming  r a t i n g  

140 ppm 
350 ppm 

20% 

35.6 
21.3 

3.9 
6.0 

65 
45 

Moderate 
Moderate 

26% 

20.6 
27.2 

4.5 
6.8 

60 
38 

Moderate 
Very h igh  

20% 

28.5 
17.0 

3.6 
6.9 

30 
38 

H i g h  
I-Iigh 

Soil load 12 ba th  towels (8 lb) soiled by immers ion  in  0 .05% bandy 
black clay, w r u n g  " d r y . "  

b Test '  fabr ic  soiled swatch. 
c Tr i - s t imulus  colorimetry. Nat iona l  B u r e a u  of S t anda rds  c i rcular  

C-429. 
~ L S D  method, JAOCS,  4 /52 ,  p. 1 5 8 - 1 6 1  (54 ) .  
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TABLE XI  

Dishwashing Performance 

Formulation : 

A Commercial det ....................................... 
B MMS ....................................................... 
C MMS ...................................................... 
D 80% M5+[S--20% L-DEA ..................... 
E 86% MMS--20% L-I'CIEA . . . . . . . . . . . . .  
F 80% MMS--2O% L-MEA--2  E.O. 
1. 65% B . C . - - A B S - - 2 5 %  B . C . - - N P E S  

10% L-DEA ............................................. 
2. 65% S . C . - - A B S - - 2 5 %  MMS 

10% L-MEA 
3. 65% S . C . - - A B S - - 2 5 %  MMS 

10% L-MEA--2  E.O . . . . . . . . . . . . . . . . . . .  
4. 65% S . C . - - A B S - - 2 5 %  MMM 

10% L-MEA 2 E . 0  ............................... 

Conc. 
% 

O-:oO 
0.02 
0.02 
0.025 
0.025 

0.04 

0.035 

0.035 

0.035 

Dish End Point 

1)!0/11 

8 35 140 350 

7 12 13 13 
11 10 

7 7 
8 

7 9 14 12 
9 12 14 11 

7 12 13 12 

8 11 13 12 

8 11 13 12 

10 12 14 12 

utilizing only biodegradable species. 
Formulation A compares the dishwashing perform- 

ance of a present day high quality liquid detergent 
based on biologically " h a r d "  anionics with a number 
of biologically soft detergents formulated with high 
proportions of sulfo esters (B, C, D, E, F) .  

It will be noted that the superior efficacy of the 
sulfo esters when formulated with the proper foam 
booster allows their use at 50-60% of the concen- 
tration of commercial detergent formulations. 

Formulation ] compares the performance of a 
classical present day dishwashing formulation com- 
prising 65% branched chain ABS, 25% branched 
chain nonyl phenol polyethoxy ethyl ammonium sul- 
fate, 10% lauric diethanolamide with a number of 
fornlulations based on straight chain ABS (2~i). 

It  will be observed that the myristic sulfo esters 
function excellently in the straight chain ABS-amide 
system, contributing to inlproved detergency, grease 
removal and grease emulsificaton. The observed ef- 
fectiveness of these sulfo esters particularly in light 
duty application is due to their superior wetting and 
foaming performance at the low concentration of 
0.02 to 0.04%. 

Extensive light duty formulation studies under- 
line the importance of " ta i lor ing"  the foam stabi- 
lizer system to the other components in order to 
achieve optimum performance. 

The most suitable solvent and/or hydrotrope sys- 
tem to insure adequate cloud point properties for 
these light-duty formulations is dependent on the 
salt content of the ABS, the selection of cations for 
the ABS and sulfo ester, and the physical charac- 
teristics of the foam stabilizer. In general, the sulfo 
esters appear to formulate easier than present day 
" h a r d "  species. 

The excellent performance and efficiency obtained 
using these formulations containing the prescribed 
sulfo esters provides biodegradable products with 
projected costs equivalent or lower than present day 
" h a r d "  formulations. 

Shampoos and Specialties 
The exceptional cleansing and foaming properties 

of the sodium, DEA and TEA salts of ~-sulfo methyl 
myristate together with their extreme mildness make 
them ideal detergents for hair shampoos. 

Ross Miles Foam results already presented clearly 
demonstrate the markedly superior foam properties 
of MMS and homologues over sodium lauryl sulfate 
commonly used in shampoos. 

Synergistic-foaming properties of MMS suggests a 
number of high-foaming shampoo applications. 

The effectiveness of MMS and homologues as lime 

s o a p  d i s p e r s a n t s  a l s o  s u g g e s t s  t h e  f o r m u l a t i o n  o f  

c o m b i n a t i o n s  w i t h  s o a p  w h e r e  e c o n o m y  i s  i m p o r t a n t .  

T h e  b r o a d  p H  s t a b i l i t y  r a n g e  o f  t h e  s u l f o  e s t e r s ,  

p a r t i c u l a r l y  o n  t h e  l o w e r  s i d e  a l l o w s  t h e i r  f o r n l u l a -  

t i o n  a t  t h e  p H  o f  s k i n  t o  h e l p  i n s u r e  m a x i m u m  m i l d -  

n e s s  a n d  t o  i n s u r e  g r e a t e r  f a s t n e s s  p r o p e r t i e s  t o  d y e d  

h a i r .  
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